Secondary hypertension (SH) including endocrine hypertension has been reported to be uncommon. We estimated the prevalence of SH among hypertensive patients. We prospectively studied 1,020 hypertensive patients. As an initial screening, we measured plasma aldosterone concentration, plasma renin activity, serum cortisol concentration and plasma catecholamine concentration and conducted abdominal ultrasonography 
Introduction
The prevalence of hypertension has been well documented in epidemiological studies conducted in many countries (1, 2) . The proportion of patients with curable secondary hypertension (SH), including patients with primary aldosteronism edge there have been no recent reports describing the prevalence of SH other than the paper reported by Anderson et al. in 1994 (12) . One of the reasons for this is that relatively extensive investigations are necessary to identify secondary forms of hypertension with reasonable certainty.
Therefore, we examined 1,020 hypertensive patients for SH at the outpatient clinic in Yokohama Rosai Hospital from 1995 to 1999. We attempted to design a simple screening scheme for SH using various hormonal examinations, and evaluated the prevalence of SH among all hypertensive patients studied.
Methods

Patient Selection
We conducted a prospective analysis of 1,020 hypertensive patients at the general outpatient clinic in Yokohama Rosai Hospital from 1995 to 1999. Hypertensive patients who had been suspected of having endocrinologic diseases and were referred to Yokohama Rosai Hospital for further examinations to differentiate SH from essential hypertension (EH) were excluded from this study. Informed consent was obtained from all subjects after explanation of the purpose and potential risk of the study. The protocol was approved by the Ethics Committee of Yokohama Rosai Hospital. Hypertension was defined as a blood pressure (BP) above 140/90 mmHg, according to the classification of BP for adults in the Guidelines for the Management of Hypertension for General Practitioners (JSH 2000) (2) . All patients underwent a complete physical examination, including auscultation of the heart and lungs, palpation of peripheral pulses and examination of the ocular fundi. Laboratory tests included measurements of hemoglobin, white blood cell count, serum electrolytes, serum creatinine, serum uric acid, blood glucose, serum cholesterol, serum triglycerides, and serum transaminases, and a test for proteinuria and urinary sediment. ECG was recorded in all patients. Based on these results, patients with renal failure, heart failure, and acute-phase coronary heart disease or cerebrovascular disease were excluded from this investigation. No patients were taking any antihypertensive drugs at the time of the initial screening. In some patients, in whom withdrawal of the antihypertensive treatment seemed unsafe, budralazine was allowed for 2 weeks before initial screening, because this drug does not significantly alter plasma aldosterone concentration (PAC), plasma renin activity (PRA), serum cortisol concentration (F) or plasma catecholamine concentrations (PCA), as shown in Table 1 .
Primary Screening Tests
At the primary screening, blood samples were collected in the morning after the patient had rested in a supine position for 30 min, and PAC, F and PRA were measured by radioimmunoassay using commercially available kits. PCA and 24-h urine catecholamines (UCA) were measured by high performance liquid chromatography. All hypertensive patients also underwent abdominal ultrasonography (US).
Secondary Screening Tests
Furosemide Plus Upright Test
The furosemide plus upright test was performed in the morning after resting for at least 30 min in the supine position, as previously reported (13) . Blood samples for estimating PAC and PRA were obtained 120 min after intravenous injection of 40 mg furosemide with the subject standing upright for the full 120 min before sampling.
Captopril Renography
Captopril renography was performed by using 99m Tc-diethylenetriaminepentaacetic acid as a tracer 60 min after oral administration of 25 mg captopril according to the method described previously by Helin et al. (14) .
Overnight Dexamethasone Suppression Test
One milligram of dexamethasone was orally administered at 23:00, and blood for determination of F was withdrawn at 09:00 the next morning (15) . 
Measurement of UCA
Twenty-four-hour urine catecholamines were measured by high performance liquid chromatography.
Abdominal Computed Tomography
We obtained CT images of adrenal glands by performing thin-section scans with a 2-mm collimation, at 2-mm intervals after intravenous injection of contrast medium. The CT scanning was done under conditions of 120 kVp, 100 mA and 30-s scanning time. The scans were reconstructed with a standard reconstruction algorithm.
Criteria for Suspected Secondary Hypertension after Initial and Second Screening
Patients with a PRA <1.0 ng/ml/h and a PAC >12.0 ng/dl were diagnosed as having hyporeninemic hyperaldosteronemia and underwent a furosemide plus upright test. Patients with a PRA >3.0 ng/ml/h and a PAC >12.0 ng/dl were diagnosed as having hyperreninemic hyperaldosteronemia and underwent captopril renography. Patients with an F >20 µg/dl were diagnosed as having hypercortisolemia and they underwent an overnight dexamethasone suppression test. Patients with a PCA more than three times the normal upper limit were diagnosed as having hypercatecholaminemia, and UCA was measured in these patients. Patients with abnormal US findings of adrenal glands were suspected of adrenal diseases. They were further examined by a furosemide plus upright test, an overnight dexamethasone suppression test and UCA measurement. A CT scan of the adrenal glands was also performed in all patients with abnormal findings in the primary screening tests, i.e., PRA, PAC, F, PCA, and US.
Final Diagnosis and Treatment of Diseases of Secondary Hypertension
Primary Aldosteronism
Patients with a PRA <1.0 ng/ml/h after intravenous administration of 40 mg furosemide followed by 120 min of standing upright were suspected of PA. PA was further confirmed by a captopril loading test using the criterion of a PAC/PRA ratio of more than 20 at 90 min after a 50 mg load of captopril (16) . Then, patients with PA underwent adrenocorticotrophic hormone (ACTH)-stimulated adrenal venous sampling (AVS) to differentiate unilateral from bilateral aldosterone hypersecretion according to the method reported previously (17) . Aldosterone hypersecretion was diagnosed when aldosterone concentrations in the adrenal venous effluents were more than 1,400 ng/dl 30 min after ACTH stimulation. Patients with confirmed bilateral aldosterone hypersecretion were clinically diagnosed as having idiopathic hyperaldosteronism (IHA). Patients with unilateral aldosterone hypersecretion confirmed by ACTH-stimulated AVS underwent unilateral adrenalectomy. Diagnoses of aldosterone producing adenoma (APA), unilateral adrenal hyperplasia (UAH) (18) and unilateral multiple adrenocortical micronodules (UMN) (17) were finally made by histopathological examination of the resected adrenal glands according to the methods reported previously (17) .
Renovascular Hypertension
Patients with hyperreninemic hyperaldosteronemia underwent captopril renography. Prolongation of the time to reach maximal activity (Tmax) and asymmetry in renal handling of isotope were criteria for further screening for RVH (14) . Patients with abnormal renograms were admitted to hospital for renal arteriography and other investigations. Arteriographic verification was required for a diagnosis of renal artery stenosis or intrarenal occlusion. Patients diagnosed with RVH were treated with percutaneous transluminal angioplasty (PTA).
Cushing's Syndrome
Patients showing F >3.0 µg/dl after oral administration of 1 mg of dexamethasone were suspected of Cushing's syndrome due to adrenocortical adenoma (CS), Cushing's disease (CD) or preclinical Cushing's syndrome due to adrenocortical tumor (PCS). CS and PCS were clinically diagnosed by CT scans and 131 I-cholesterol scintigraphy. Six patients with CS and five patients with PCS, all of whom gave informed consent, underwent unilateral adrenalectomy. Diagnoses of CS and PCS were proven by histopathological examination of the resected adrenal tumors. CD was confirmed by pituitary MRI and finally diagnosed by histopathological examinations of resected specimens obtained from transsphenoidal pituitary adenectomy.
Pheochromocytoma
Diagnosis of Ph was further confirmed by abdominal MRI and 131 I-meta-iodobenzylguanidine ( 131 I-MIBG) scintigraphy, and the diagnosis was finally proven by histopathological findings of the resected adrenomedullary tumor.
Results
Screening for Primary Aldosteronism
As shown in Fig. 1 , a furosemide plus upright test was conducted in 119 patients with hyporeninemic hyperaldosteronemia and in another 15 patients with adrenal tumor initially detected by US. Among them, PA was suspected in 83 patients with a PRA < 1.0 ng/ml/h 120 min after the furosemide plus upright test. US examination could not demonstrate any abnormalities in the adrenals among those patients with a PRA < 1.0 ng/ml/h 120 min after the furosemide plus upright test. Eleven of 83 patients were clinically diagnosed as having IHA based on bilateral aldosterone hypersecretion revealed by ACTH-stimulated AVS. Fifty patients who showed unilateral hypersecretion of aldosterone underwent unilateral adrenalectomy. Histopathological examinations of the resected adrenal glands confirmed a diagnosis of APA in 45 patients, UMN in 3, UAH in 1 and IHA in 1. 
Screening for Renovascular Hypertension
As shown in Fig. 2 , hyperreninemic hyperaldosteronemia was confirmed in 25 patients, 6 of whom were suspected of having RVH from the findings of captopril renography. Renal arteriography revealed stenosis of the renal arteries in 5 of 6 patients, and they were diagnosed as having RVH. Images of renal arteriography also demonstrated that RVH had possibly been induced in these patients by fibromuscular degeneration and in another 2 patients by atherosclerotic changes.
Screening for Cushing's Syndrome
As shown in Fig. 3 , hypercortisolemia was demonstrated in 22 patients. These 22 patients together with 15 patients with adrenal tumor initially detected by US were examined by a dexamethasone suppression test. Twenty-four patients were suspected of CS, CD or PCS. Further examinations such as abdominal CT scans, 131 I-cholesterol scintigraphy and pituitary MRI allowed diagnosis of CS in 6 patients, PCS in 10 and CD in 5. Among these 21 patients, 8 patients with PCS and 1 patient with CS with an F < 20 µg/dl were detected initially by US ( Table 2 ). All 6 patients clinically diagnosed with CS and 5 of 10 patients diagnosed with PCS underwent unilateral adrenalectomy, and all 5 patients clinically diagnosed with CD underwent transsphenoidal pituitary adenectomy. The final diagnoses of CS, PCS and CD were confirmed by histopathological examinations of the resected specimens. (Fig. 4) . The 5 patients underwent unilateral adrenalectomy. One patient with normal UCA and without abnormalities in any of the primary screening tests except US underwent unilateral adrenalectomy for suspected nonfunctioning adrenal tumor; however, the adrenal tumor was finally diagnosed as Ph by histopathological examinations of the resected adrenal gland.
Screening for Pheochromocytoma
Diagnostic Imaging in the Detection of Adrenal Lesions
US aided the detection of 40 adrenal lesions in 1,020 hypertensive patients. Among these 40 patients, 1 with CS, 8 with Patients with renal failure were excluded from this investigation. %, prevalence of essential and secondary hypertension, such as renal hypertension, primary aldosteronism, and so on, among hypertensive patients examined. ND, not determined. PCS, 1 with Ph and 5 with non-functioning adrenal tumor were suspected of adrenal disorders at the initial US, even though they did not show any abnormalities in the primary screening tests, including basal levels of PAC, PRA, F and PCA. Moreover, hypertension was cured after unilateral adrenalectomy in 1 patient with CS, 4 patients with PCS and 1 patient with Ph detected initially by US. On the other hand, US did not detect adrenal lesions in 48 patients who were finally diagnosed with APA, UMN, UAH, IHA, CS, PCS and Ph (Table 2) .
CT revealed adrenal lesions in 45 of 224 patients who demonstrated some abnormal findings in the primary screening tests. On the other hand, CT detected no abnormal findings in the adrenal glands of 22 patients with APA, 3 with UMN and 1 with UAH who had shown hyporeninemic hyperaldosteronemia.
Prevalence of Secondary Hypertension
The present data demonstrated SH in 93 (9.1%) of 1,020 hypertensive patients. Thus, the prevalences of PA, RVH, Cushing's syndrome due to CS and CD, PCS, and Ph among the 1,020 hypertensive patients were 6.0%, 0.5%, 1.0%, 1.0% and 0.6%, respectively (Table 3) . The methods and criteria of the primary and secondary screening tests are described in the Methods section. Total 93 77 58 18 1 Cured: became completely normotensive without any antihypertensive agents 1 year after the surgical treatment; improved: fairly well controlled and needed lower doses and fewer antihypertensive drug than before the surgical treatment. APA, aldosterone-producing adenoma; UMN, unilateral multiple adrenocortical micronodules; UAH, unilateral adrenal hyperplasia; IHA, idiopathic hyperaldosteronism; RVH, renovascular hypertension; CS, Cushing's syndrome due to adrenocortical adenoma; PCS, preclinical Cushing's syndrome; CD, Cushing's disease; Ph, pheochromocytoma.
Sensitivity and Specificity of Primary and Secondary Screening Tests
As shown in Table 4 , the primary and secondary screening tests, excluding US and CT, were sensitive and specific for differentiating SH from EH.
Outcome of Surgical Treatment of Secondary Hypertension
At 1 year after unilateral adrenalectomy, 36 of 50 patients with PA became normotensive without any antihypertensive agents, and hypertension in 13 patients was partially controlled by lower doses and fewer antihypertensive drugs than before adrenalectomy. In 1 patient with IHA, hypertension was not improved after unilateral adrenalectomy.
We performed PTA for 5 patients with RVH after obtaining informed consent. At 1 year after PTA, hypertension was cured in 3 patients with RVH caused by fibromuscular renal artery stenosis and improved in 2 by atherosclerotic renal artery stenosis. At 1 year after unilateral adrenalectomy, hypertension was cured in 5 of 6 patients with CS and 4 of 5 patients with PCS, and improved in 1 patient each with CS and PCS. Hypertension in all 5 patients with CD was cured after transsphenoidal pituitary adenectomy.
At 1 year after unilateral adrenalectomy, hypertension was cured in 5 of 6 patients with Ph, and improved in the remaining patient (Table 5 and 6). 
0.011 Numbers of patient treated by unilateral adrenalectomy, transsphenoidal pituitary adenomectomy and percutaneous transluminal angioplasty are shown in parentheses. All data are shown as the means SEM. Student's t-test was used to compare changes in each parameter between the preoperative and postoperative stages. Values of p < 0.05 were considered to indicate statistical significance. NS, not significant; SBP, systolic blood pressure; DBP, diastolic blood pressure; APA, aldosterone-producing adenoma; UMN, unilateral multiple adrenocortical micronodules; UAH, unilateral adrenal hyperplasia; IHA, idiopathic hyperaldosteronism; RVH, renovascular hypertension; CS, Cushing's syndrome due to adrenocortical adenoma; PCS, preclinical Cushing's syndrome; CD, Cushing's disease; Ph, pheochromocytoma.
Table 7. Incidence of Typical and Specific Symptoms and Signs among Subjects with Secondary Hypertension
Number of
Number of patients Number of patients Percentage of typical and specific symptoms and signs patients 
Presence of Specific Symptoms and Signs Suggesting the Existence of Secondary Hypertension
Five patients with SH were younger than 35 years old. Severe hypertension (systolic blood pressure > 180 mmHg and/or diastolic blood pressure > 110 mmHg) was observed in 25.8% of 93 patients with SH. Hypokalemia (serum potassium < 3.3 mEq/l) was found in 24.6% of 61 patients with PA. Vascular murmur of the abdomen was not audible in any of the 6 patients with RVH. Cushingoid features such as central obesity, moon face and purplish stria were observed in 4 patients with CS and in 3 with CD. Only 1 patient with Ph had a history of palpitation, which is well known to be one of the typical symptoms of Ph (Table 7) .
Discussion
The present investigations clearly demonstrated that the prevalence of SH, including endocrine and renovascular hypertension, was 9.1% among 1,020 hypertensive patients in our clinic. Our data also showed that the blood pressure was completely normalized to less than 140/90 mmHg in 58 patients and improved in 18 of 77 patients with SH who were treated by surgical procedures including unilateral adrenalectomy, PTA and transsphenoidal pituitary adenectomy. Therefore, the differential diagnosis of curable SH from EH is very important.
Guidelines for the management of hypertension have recommended performing further examinations such as hormonal tests and renography when clinical features suggesting SH are observed among hypertensives (2, 19) . It has also been reported that patients with PA do not always show hypokalemia (20) , and that only 33% of patients with Ph present two or more symptoms of the classical triad, such as headache, palpitation and diaphoresis (21) . Retrospective investigations have reported that central obesity and moon face are common in patients with Cushing's syndrome (22) , while it is difficult to differentiate hypertensive patients complicated with obesity from patients with Cushing's syndrome, especially among females. In the present study there were few patients showing typical symptoms and signs of SH. Thus, we would like to emphasize that all hypertensive patients should be carefully examined for the etiology of hypertension at the first visit to a general outpatient clinic.
The sensitivity and specificity of the primary screening tests, i.e., PAC, PRA, F and PCA measurement, were high enough to distinguish SH from EH. As shown in the Methods, we carefully measured PAC, PRA, F and PCA after the patient had rested in a supine position for 30 min, and before initiating treatment with antihypertensive drugs, since physical and mental stress, posture and antihypertensive drugs (23) (24) (25) other than budralazine alter PAC, PRA, F, and PCA. It is possible that this thorough methodology played a role in our obtaining a higher prevalence of SH than that previously reported (3) (4) (5) 12) .
The aldosterone renin ratio (ARR) has been generally accepted as an efficient screening tool for diagnosing PA since it was first reported by Hiramatsu et al. (26) . However, the sensitivity and specificity of ARR have varied in previous reports (27) (28) (29) , suggesting that while ARR may be a simple method for screening PA among all hypertensive subjects, the ratio is not sensitive enough to differentiate PA from EH. Kaplan cautioned that values might be better expressed as subnormal PRA and raised aldosterone rather than in the form of a ratio (30) . Thus, we used the criteria PRA < 1.0 ng/ml/h and PAC >12.0 ng/dl for the diagnosis of hy- As a primary screening test for SH, US is not sensitive in detecting an adrenal mass because of its limitation in detecting small lesions (Table 4) . However, our data suggested that US is quite simple and beneficial for the detection of adrenal masses inducing SH, even in patients with hypertension showing normal values of F and PCA ( Table 2) .
As secondary screening tests, the furosemide plus upright test, dexamethasone suppression test, captopril renography, and UCA measurement proved to be sensitive and specific enough to differentiate endocrine hypertension from EH ( Table 4 ). These secondary screening tests increased the accuracy and efficacy of screening for SH. On the other hand, the sensitivity of an adrenal CT scan was not adequate, especially for detecting APA. In this series, 45 patients with adrenal tumors detected by CT had already been identified by primary screening tests. However, CT failed to demonstrate APA in 22 patients who were suspected of PA based on PAC and PRA measurements as well as the furosemide plus upright test. Therefore, CT seems to be inadequate as a screening test for SH in some cases. We would like to propose a simple screening scheme for SH, as shown in Fig. 5 .
We have already reported the incidence of PA in these 1,020 patients in our previous report; however, we diagnosed 6 more patients with PA in this population after submitting the previous report (11) . The incidence of PA from the present study is quite similar to that recently reported (6-10). We recommend always checking PAC and PRA when caring for hypertensive patients, since PA is a main cause of SH.
As shown in Table 3 , the prevalence of pheochromocytoma and Cushing's syndrome has been reported to be low (< 0.6% each) among all hypertensive patients (3) (4) (5) 12) . However, the prevalence of CS in the present study was 2-10 times higher and that of Ph 2-6 times higher than those previously reported (3) (4) (5) 12) . A noteworthy finding is that 10 patients with PCS manifested only hypertension. Therefore, it is also necessary to differentiate CS, PCS and Ph from EH using our screening tests.
On the other hand, the prevalence of RVH was lower than that reported previously (4, 5, 12) , and the reason for this difference is unknown. Atherosclerotic renal artery stenosis was found in 41% of patients starting dialysis (31) , and 7-19% of patients were referred for coronary angioplasty (32, 33) . In the present study, we examined patients who were first diagnosed with hypertension at our general outpatient clinic and excluded patients with renal failure, heart failure, acute-phase coronary heart disease, or acute-phase cerebrovascular disease from our study. Therefore, most of the patients analyzed were not suspected of having severe atherosclerotic complications. The incidence of RVH caused by atherosclerotic changes of the renal arteries was probably lower in our study than in past reports.
PTA was first recommended as one of the best treatments for patients with RVH (34, 35) , especially for those with fibromuscular renal artery stenosis. Moreover, in patients with atherosclerotic renal artery stenosis, the cure rate after PTA was 8-10% and improvement in BP was observed in 40-50% patients (36) . Therefore, we attempted PTA for treatment of RVH to avoid long-term use of antihypertensive agents.
In conclusion, the present study was performed in a single facility of Yokohama Rosai Hospital and was the first investigation of the prevalence of SH in Japan. Our present prospective study on the prevalence of SH among 1,020 hypertensive patients showed a high prevalence of PA, Cushing's syndrome including CS, PCS and CD, and Ph. Therefore, we propose that our sequential screening system (Fig.  5) is an effective method to differentiate SH from EH. We recommend that physicians screen for SH before initiating treatment with antihypertensive agents, and treat patients with SH individually using appropriate therapies in order to avoid long-term use of antihypertensive drugs for maintaining QOL while preventing various cerebro-cardiovascular complications and reducing medical costs.
